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Abstract Text: 

For free space laser communication, light weighted large deployable optics is a critical 
component for the transmitter. However such an optical element will introduce large 
aberrations due to the fact that the surface figure of the large optics is susceptible to 
deformation in the space environment. We propose to use a high resolution liquid crystal 
spatial light modulator to correct for wavefront aberrations introduced by the primary optical 
element, and to achieve very fine beam steering and shaping at the same time. 

A 2-D optical phased array (OPA) antenna based on a Liquid Crystal on Silicon (LCOS) spatial 
light modulator is described. This device offers a combination of low cost, high resolution, high 
accuracy, high diffraction efficiency at video speed. To quantitatively understand the influence 
factor of the different design parameters, a computer simulation of the device is given by the 
2-D director simulation and the Finite Difference Time domain (FDTD) simulation. For the 1-D 
OPA, we define the maximum steering angle to have a grating period of 8 pixel/reset scheme; 
as for larger steering angles than this criterion, the diffraction efficiency drops dramatically. In 
this case, the diffraction efficiency of 86% and the Strehl ratio of 0.9 are obtained in the 
simulation. The performance of the device in achieving high resolution wavefront correction 
and beam steering is also characterized experimentally. Excellent agreement is shown 
between theory, simulation and experimental results, which validates the accuracy of the 
simulation. The non-uniformity of the LCOS across a clear aperture is less than 1/10 A for all 
grayscale. The beam steering accuracy is higher than 10 prad, or 1/10 of the diffraction 
limited beam divergence, at high efficiency. One main design issue for the liquid crystal device 
is how to achieve wide angle steering. This requires the pixel size to be close to the 
operational wavelength. The fringe field-caused interpixel coupling effect plays a very 
important role in this case. When the pixel size is smaller than 4 pm in an 8 pixel/reset 
scheme, the diffraction efficiency is very low. Optimization of the phase profile can be 
achieved by putting a higher voltage on the high voltage pixel and a lower voltage on the low 
voltage pixel. An optimized design with a 1 pm pixel size and a 0.5 pm gap between 
electrodes has been achieved for device operation at 632.8 nm, but not for 1550 nm. The 
reason is for the 1550 nm operation, the cell gap needs to be very thick which worsens the 
interpixel coupling from the fringe field and the device ends up not having enough retardation. 
Correcting for the aberration in light weight deployable large optics has been studied using the 
wave optics simulation, or CODE V software, and through experiments. In the wave optics 
simulation, 10 waves (P-V at 632.8 nm) of surface deformation of defocus on the primary 
mirror of a Ritchey-Chretien telescope with a 1 meter clear aperture is corrected to the 
diffraction limit, with a Strehl ratio of 0.63 in the simulation. Experimentally, an 8 inch 
diameter f/D=5 parabolic mirror is set up to simulate the Ritchey-Chretien telescope. A Mach- 
Zehnder interferometer is used to measure the wavefront aberration induced by a thick glass 
placed in front of the 8 inch mirror. 34.8 waves P-V of high order aberration at the exit 
aperture of the system is corrected to the diffraction limit. The residual wavefront error is less 
than 1/30 A R.M.S. Based on the results from the performance of the LCOS and wave optics 
simulation, the prediction for the diffraction efficiency of the above system using an LCOS 
device to achieve compensation for large aberrations in a high magnification system has been 
given. 
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What is Optical Phased Array 
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Light Propagation in LCoS 
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2-D Optical Phased Array 
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Liquid Crystal on Silicon Spatial light modulator 



2D LCOS OP A steering efficiency/accuracy 
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Maximum aberration can be corrected 






Toward wide angle LC OPA: 

-Theoretical limit of wide angle LC OPA 
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It is possible to achieve wide angle steering 



Optimize LC OP A 
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2D LC director modeling 


II 




R 



+ 




| <N 

II 


I 

cn 


I 

c4 


r r ', 

CN 


Tem o 

“.St n 


^ ^ ^ ^ ^ ^ ^ <5> ^ 

^ ^ ^ ^ =a •is <5> 

^ ^ ^ 'ij ftj =s C3 Ca =s Ci cvj <5j <^ 

^ ^ ^ ^ ^ ==3 ^ <53 <= <55 ^ ^ 

\ <5> <5> ^ <!s *5} <53=5) ft; <=s =5> <5> 5> < 3 > 

% 

\ '^ < ^ <: 53'X3 < 5s < % i 53C ; 5<5j < 55<i> < ^ < ^ 
^ ^ ^ <5> ^ «S> =5. <5j ^ 

^ ^ ^ ^ ^ =5? ^ ^ «35 <=> <5> <^ ^> 

^ ^ ^ <55 ^ <5j ^ <5> <%> <5> ^ 

<$3 <53<53<53<53 <3^ <^53 

\3 <53 <53 53<53<5J ^<3, <^^,<3, < 3 , 

<& <5j <^<53 <33<3><^ <3, 53<33<53<33<53<5J 
\3 <5J<5J<33<33 <3J<3J<33<5S<53<33<3J<5J<5J 
'S ^ ^ ^ ^ ^3 ^ ^ ^ ^3 ^3 ^ <5> ^ 

% <5j<5>'3><3j<3j<3j<3j<3j<5j<3><3><3>^ 
^ ^ < 5j < 3> < 3><3><33<3><3j<5><5><3jSJ^ 
<S '5j < 5><3j53><3s<3j<33<3><j > <3>5j5j5<> 
" , 5j<5> < 3>5 :> <j > 5j<3j<3><^<3j<3j5j5< s 
'5j < 5>'3><^<3><j ; <3j<j><^<3j<5 > 5j^ 

\j<5><3j5j<3j5j,<5><3><3j<J>5j5j^ 

'5j<5><5><3j<3j'3j<Jj<Jj5 ;> <J > <3 > <^ 

%<5j<3j < 3><3j5s<3j<5j<^<5j<5 > '3j^ 

%<5><5j<5>%<3><3j<3j <33^53,^ 

<53 ^ <5> <^ <5> <5> <53 <53 <53 <53 ^ ^ 

^ <53 <5> <53 <53 <^ <5> <53 53 <53 ^3 % 

5 $3 $3 $> <53 <5><5><5> <53 <53 <53 53 Si 

5 £ $3 ^ <53 <53 <53 <53 <53 ^ ^<53 5 

'5'k'5j^<5><5jj5>%<5j , 5j'5j'k$ 

ni Hq-j, 


< 

Oh 

o 

u 

J 

<D 

T3 

a 

4-> 

o 

j£> 

"S 

00 

§ 

o 


1 

W) 

a 

o 

o 

U 

2 

o 

2 


m 

o 

o 

<N 



r^ 

o 




Finite Difference Time Domain Optical simulation 
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Increase the spatial resolution of LCOS leads to 

inaccurate phase profile 
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DE as function of Cell thickness (1550 ran) 



DE as function of steering angle(1550 nm) 
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(a) Diffraction efficiency as function of pixel spacing. 

(b) the DE versus corresponding steering angle 



Contribution of elastic constant 
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Trapped tilt wall configuration still needs more analyze 



Non-symmetric induced by pretilt angle 
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DE after voltage optimization 
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